MICHIGAN DEPARTMENT OF ENVIRONMENTAL QUALITY

INTEROFFICE COMMUNICATION

T0: Cheri Meyer, Project Manager
Revolving Loan Section, Resource Management Division

FROM: Marcus J. Tironi, P.E., District Engineer
Kalamazoo District Office, Water Resources Division

DATE: July 26, 2011
SUBJECT:  City of Plainwell SRF Project No. 5355-01

The purpose of this memo is to confirm the basis for determining that the City of Plainwell SRF
Project No. 5355-01 qualifies for the Green Project Reserve (GPR) funding under Public Law
111-88. This project will implement improvements to its existing wastewater treatment facility
and incorporate green components that provide environmental benefits.

This project will utilize Moving Bed Biofilm Reactor (MBBR) technology to reduce energy
consumption by over 20%. In addition, the consumption of natural gas will be reduced by 50%
by utilizing a "waste-to-energy” process where anaerobic sludge digestion will produce
renewable energy (biogas) that will be used to heat the reactors and buildings on site. Based
on the information provided, this project qualifies for GPR funding.
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Summary and Overview of the Project

Provisions of the 2010 Clean Water and Drinking Water Stale Revolving Fund 20% Green
Project Reserve: Guidance for Determining Project Eligibility Guidance, dated April 21, 2010,
indicate that a number of project components in the Plainweli Wastewater System Improvements
Project are eligible for “principal forgiveness”, or a reduction In the loan capital amount.

As presented in the SRF Project Plan, as supplemented July 2011, the City of Plainwell (City)
has committed to Implement necessary improvements fo the City’s wastewater system.
Improvements are necessary in the collection system and at the Water Renewal Plant (WRP).
The elements that qualify for Michigan’s FY2012 Green Project Reserve are located at the WRP,

The Selected Alternative, entitled Allernative 5 — Replace Existing Secondary Treatment System
(as Supplemented July 2011}, Incorporates several green components that will provide
environmental benefits beyond those typically achieved at wastewater treatment facilities. The
Selected Alternative is in keeping with the Cily's commitment to provide continued reliable
wastewater service while pursuing innovative, environmentally aftractive, and cost effective
technologies. The City embraces environmental Best Management Practices that surpass
ordinary utility practices and further the goals of the Clean Water Act.

Pursuant to the criteria outlined in the Guidance, the selected alternative exhibits Green Project
henefits through categorical energy efficiency and innovative design, by:
1. Innovative: Improving production of renewable, clean energy by enhancing biogas
production, and thereby reducing the consumption of fossil fuels by the WRP,
2. Energy Efficiency: Reducing energy consumption by over 20% thus reducing
greenhouse gas emissions accordingly.
3. Energy Efficiency: Utilizing innovative energy efficient MBBR treatment technology in
conjunction with reuse of existing facilities;

The City of Plainweli WRP Project meats the definition of a “Categorical GFR Project’ under the
“Energy Efficiency” guidelines where,
“Energy Efficiency is the use of improved technologies and practices to reduce the
energy consumption of water quafity profects, use energy in a more efficient way, and/or
producefutilize renewable energy.”

The Project also meets the definition of a Categorical GPR Project” under the “Environmentally
Innovative” quidelines by,

“...demonsirating new and/or innovative approaches to delivering services or managing
water resources In a more sustainabte way.”

This City of Plainwell project accomplishes all of the requiremenis of these definitions,
summarized as follows, and further detailed below and in the references.

a) Reduces energy consumplion.
MBBR is a highly-efficient attached growth process. When compared to five other
commonly used treatment technologies, the carbonaceous MBBR process was found to
be the most energy efficient?* MBBR is much more efficient than conventional return
activated siudge and other suspended growth treatment processes because the attached
growth media allows for a high popufation of biomass within a relatively small area.




The pairing of Moving Bed Biofilm Reactor™ (MBBR) with the re-use of the primary
clarification/anaerobic digestion processes reduces WRP energy consumption by over
20 percent compared to recent traditional systems. This is proportionate to a 44 percent
reduction of BOD loading to the secondary aeration process. This is accomplished by
reduced aeration biower energy consumption, secondary tank size, and mixing energy.
Typically the energy consumption of the secondary aeration ranges from 50 to 65
percent of the total treatment facility energy consumption.® The use of MBBR
technology, in conjunction with high rate anaerobic digestion, further reduces the
secondary fank size and mixing requirement by over 2.5-fold {250 percent), by employing
attached growth biofilm efficiencies in the secondary treatment facifities.*

As detailed below, the proposed MBBR process will consume less energy than an
equivalent mechanically-driven RBC process.

b) Use energy in a more efficient way. The MBBR blower energy is used for dual purposes,
mixing and aeration. By reducing the reaclor size, the MBBR mixing energy requirement
is nominally equal to the oxygen supply (aeration) energy requirement, unlike
conventional biological treatment processes, which require more energy for mixing larger
tanks. The aeration energy alone is thus sufficient also to provide the necessary mixing.
in addition, the MBBR biofilm carrlers provide increased oxygen mass transfer efficiency,
reducing oxygen supply requirements and subsequently energy requirements.

¢) Produce/utilize renewable energy. The anaeroblc digesters produce renewable energy in
the form of biogas with a heat of combustion of approximately 650 BTU/cublc foot. The
Selected Alternative goes well beyond normal biogas heat generation by employing a
“Waste-to-Energy’ process, which nearly triples the biogas production. The additional
biogas is to be used to heat the digester reactors, digester building, and secondary
building at the WRP site.

d) Demonstrate new and innovative approaches: MBBR is a new, innovative secondary
treatment technology in Michigan. One MBBR system is in operation at this writing,
located in Northport, Michigan. The existing secondary treatment consists of air-driven
Rotating Blological Contactors (RBCs) that are beyond rated useful life and are no longer
manufactured. The MBBR will provide for increased WRP capacity, reversing the decline
in existing RBC treatment capacity caused by cumulative fouling of the RBC surface
area. The Selected Alternative for this Project replaces the air-driven RBCs with an
entirely new and innovative secondary treatment process, the MBBR. The MBBR has
been shown to be a uniquely efficient and effactive treatment.

Biogas as a Source of Clean Energy

The project goals include reduction of energy consumption by over 20% compared to
conventional technologies in the replacement of the secondary aeration systems, reduction of
greenhouse gas emissions, and reduction of the consumption of utifity-purchased natural gas by

50%.

Currently, the WRP utilizes a high-rate anaerobic digestion process to stabilize biosolids {siudge)
generated during the freatment process. The WRP captures the biogas generated through this
process and utllizes it to fuel a boiler. Hot water heating is the most cost effective use of biogas
energy for a WRP with influent flow rates fess than five million gallons per day (MGD) in size.?
Hot water produced in the boiler is used to provide heat to the digester tanks and buildings
throughout the WRP/DPW campus. Historically, the heating demand during the winter has
exceeded the amount of heat energy recovered from the digestion process. This additional
heating demand is met by purchasing natural gas to supplement the biogas boiler fuel supply.

Because the WRP is operaling below rated capacity, there is excess capacity in the anaerobic
digesters. The proposed project includes modifications o the existing biosolids handiing




process to allow local food processor{s} to bring their high organic strength waste streams to the
WRP for treatment. The high strength waste streams would be fed to the high rate anaerobic

digester.

Research indicates that more biogas is produced per pound of food waste fed to an anasrobic
digester than the amount of biogas produced from digestion of municipal biosolids.?

The target feed rate of food waste is 2,100 fb COD/day. lt is anticipated that this amount of food
waste fed to the anaerobic digesters will increase the biogas production from 80 CCF (hundred
cubic feet) per day to approximately 220 CCF per day. This increase in renewable biogas fuel is
anticipated to reduce the need of utility purchased natural gas by 91 CCF on cool days, which
equates to an annual savings of $25,700 at 2011 natural gas prices.?

The pre-design budgetary cost of the Waste-to-Energy system is $80,400. The payback period
for the system was calculated to be approximately 3-5 years. The payback estimate is based on

current 2011 natural gas price projections.

In addition to increasing biogas production, the City staff intends to Improve energy efficiencies
with this project, specifically, to further decrease their natural gas consumption by increasing
heating efficiencies In the hydronic heating loop. This can be accomplished by optimally
reducing the boller operating temperature, therefore reducing the temperature in the hydronic
loop, which directly reduces heat loss to the environment.

Reduction in Greenhouse Gas Emissions

Recent lagislation from the US Senate aims 1o cut GmISSIOI’\S of carbon dioxide and other heat-
trapping greenhouse gases by 17 percent by 2020, Additionally, the Obama Administration
acknowledges that the reduction of greenhouse gas emissions Is Imporiant to I:mitmg global
climate change, and has made cutting greenhouse gases a priority for the United States®.

High rate anaerobic digesters have been shown to allow for capture of over 30% more methane,
a greenhouse gas over 20 times worse than CQO, compared to conventional biosolids

management.’
Energy Efficient Treatment Technology

This Project incorporates an innovative and energy efficient MBBR secondary treatment
technology. As demonstration of the Energy Efficlency, refer to an article comparing five modern
wastewater treatment technologies demonstrating that use of MBBR technology for
carbonaceous treatment had the lowest cumulative carbon footpnnt (i.e. energy consumption) of
the modern and avaitable treatment technologies reviewed.'® MBBR technology utilizes smaller
aeration basins than other treaiment technologles, which transfates to a lower energy
requirement for aeration and mixing (see defail, above). In addition, this Project incomporates
dissolved oxygen monitoring and variable speed control of the MBBR blowers so that the WRP
operations staff will be able to fine-tune blower operation and maximize energy efficiency.

Comparison of MBBR vs. Mechanical RBC upgrade

As detailed in the SRF Project Plan (May 2009) and 2011 Supplement, the existing secondary
treatment process, air-driven RBCs, are beyond their useful life and are no longer manufactured
or supported, It Is no longer possible to purchase replacement parts for this equipment. Some
aqging air-driven RBC plants are replacing air-driven equipment with mechanically-driven RBCs;
most are deploying different treatment processes, Both of these options were evaluated in detaif

in the SRF Project Plan.

The RBC process is an older type of attached growth technology as was utilized frequently in the
1980s and early 1990s. Recently, RBC manufaciurers and design professionals have
recognized that RBC media is prone to plugging by debris commonly found in wastewater,
thereby diminishing the effective surface area of the media over time. Because of this




phenomenon, the RBC design loading criterion has been reduced, meaning that more media
surface area is required per pound of BOD to be treated. """ Due to the change in design criteria,
replacement of the existing air-driven RBC equipment with mechanical RBC technology would
require not only the replacement of the existing air-driven RBC equipment (shafts, media, efc)
but would also require the construction and use of one entirely new mechanically-driven RBC
train.

The proposed MBBR would utilize approximately 62 operating, or brake horsepower (BHP) to

accomplish oxygen transfer for BOD treatment and mixing of the tank contents at the full
capacity of the process, 1.3 MGD. This corresponds to an electricity usage of 333,000

kWh/year.

A corresponding three-train mechanical RBC plant would ulilize approximately 66 BHP to rotate
the madia/shaft assembly and provide oxygen for BOD treaiment for the same 1.3 MGD
capacity. This corresponds to 428,200 kWh/year.

The proposed MBBR process saves about 89,200 kWhvyear in electrical usage, corresponding
t0 $8,900 per year at an electricity cost of $0.10/kWh, as follows:
Calculations
Energy Reducfion (electrical):
428,200 kWh / yr — 339,000 kWh / yr = 89,200 KWh / yr

Cost Reduction:
89,200 kWh /yr x $0.10 / kWh = $8,900 / yr

The capital costs for an MBBR and the RBC replacement/upgrade are essentially the same.
Therefore, no capital payback period Is required. The City will achieve electrical savings of
approximately $8,900 annually at WRP capacity.

Components Qualifying for Green Project Reserve

As noted in the Guidance, this categorical, substantial energy conservation is accomplished by
the MBBR processes in conjunction with the reuse of primary clarification enhanced anaerobic
digestion processes at the WRP. The pre-design budgetary cost estimate of the MBBR process
is $2.69 million and $85,200 for the Waste-to-Energy component, for a total project cost (green
portion) of $2.78 million.
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